A survey of anaesthetic workforce was undertaken in departments in Australia and New Zealand approved for specialist training by the Australian and New Zealand College of Anaesthetists. When compared to a previous survey 17 years before, the results showed that the number of anaesthetics administered rose, the number of operating theatres (OTs) remained the same, but the surgical beds were reduced. There was a small increase (20%) in full-time specialists with a number of vacancies in establishment. There was, however, a large increase (80%) in Visiting Medical Officer (VMO) sessions and a 40% increase in Registrar positions. At the same time there were very large increases in Recovery Room nurses (125%) and Anaesthetic Assistants (100%).
The issue of workforce numbers in medicine in Australia continues to cause controversy [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] and to arouse intense interest in the Universities and Medical Colleges, because at least some Government officials have been pressing for action to correct the expected numerical and financial mismatches in the medical workforce by reduction in Medical School intakes and hence funding, and in planned corrections in the perceived inequalities in the postgraduate specialist workforce numbers. Recent Labor Government cuts and threatened cuts 7, 9 to Medical School intakes initiated on the Australian Medical Workforce Advisory Committee (AMWAC) figures, contravene the recommendations of Doherty in 1988 12 . This report 12 was a most thorough review of medical workforce issues, and as Paterson 3 notes, Doherty now represents the point of departure for contemporary discussion of medical workforce issues.
Anaesthesia is one of the targeted postgraduate groups 11 . This is partly following comments in the Baume Report 1 , partly because there is pressure from General Practitioners for more access to practise anaesthesia particularly in rural and major urban areas 8 , and partly from pressure from hospital administrators who are seeking more full-time specialist anaesthetists in Public Hospitals, particularly in Queensland, New South Wales and Victoria in an attempt to reduce the cost of specialist services in anaesthesia.
In the U.S.A. [13] [14] [15] [16] [17] , Canada 18 and the U.K. [19] [20] there is also current interest in anaesthesia and medical workforce numbers. The advent of managed care in the U.S.A. (with increased unemployment for specialist anaesthesiologists due to preferred providers, difficulty in obtaining appointment for new specialists, and with drastically reduced numbers of Residents seeking to specialize in anaesthesiology 15 ), is the principal reason for this increased interest in North America. There is a subsidiary reason related to managed care which is the issue of nurse anaesthetists who are competing both numerically and economically for the reduced workforce positions. In the U.K. new NHS reforms have created new consultant posts. These Calman reforms 21, 22 are changing the numbers of trainees with respect to consultant posts to restructure the workforce particularly in Anaesthesia and in Surgery to make consultant cover more available for patients and thus to address concerns of perioperative morbidity and mortality, as evidenced in the early CEPOD reports [23] [24] [25] . These factors all indicate a need for some current definitive local data since the last reports from the Australasian region [26] [27] [28] were made nearly two decades ago. Thus a survey was undertaken in early 1995 with the cooperation of the Australian and New Zealand College of Anaesthetists, of College accredited Training Departments in Australia, New Zealand and S.E Asia.
METHODS
A questionnaire (Table 1) which was almost identical to a previous questionnaire 27 was sent to all Departments of Anaesthesia recognized for training by the Australian and New Zealand College of Anaesthetists. The College distributed the questionnaire and followed up to achieve a 99% response to the questionnaire, which was an improvement on the previous private survey (87% response) 27 .
Anaesthesia and Intensive Care, Vol. 25 Subsequent analysis has derived certain further variables ( Table 2 ). In this analysis, total full-time equivalent (.TE) staff numbers were calculated by taking one tenth of the part-time specialists (Visiting Medical Officer or VMO) weekly sessional (half day) commitments and adding this figure to the numbers of full-time specialists to obtain .TE Specialist Numbers; and then, for Total .TE Numbers, by adding in the service commitment from the Registrars as well, which was calculated by using the number of Registrars multiplied by a tenth of their weekly solo sessional (half day) commitment.
RESULTS
There were 67 questionnaires sent out to Australian Training Departments, 16 to New Zealand and twelve to South-East Asian Departments. Although there was a 99% return rate of the questionnaires (one Australian department failed to return), some questions were left unanswered so that for some of the results n equals less than the total replies to the questionnaires. The South-East Asian data is not further considered here. This is because the health care systems in those countries are diverse and different from those in Australia and New Zealand, which are similar and which also have relatively regulation-free access for anaesthetists from either country to work in the other country. Also Careflight, which is a training site for the College but which is not an Anaesthetic Department but a medical retrieval agency, is not further considered. There are therefore 81 sites in Australia and New Zealand which are considered for the purposes of this article. Table 3 shows the distribution of these replies when compared to the 1977 survey.
This survey, 17 years after the last 27 , shows small though important changes in the anaesthetic workforce in Australasia (Table 1) . Although the average numbers of anaesthetics (both GAs and LAs) rose, the surgical beds were reduced and the operating theatre numbers remained the same. All this con-firms the general anecdotal experience of more work occurring in the same facilities, but with fewer hospital beds. There was a large increase in the number of local anaesthetics (not associated with general anaesthesia) performed per year which reflects a trend driven from both surgery and anaesthesia. There has been a small increase in the number of fulltime specialists (4.5 to 5.3) with a small reduction in their average number of daytime sessions (7.6 to 6.7), but the mean total sessional commitment from staff specialists per week does not vary substantially (34.2 vs 35.5). A new question in this survey has highlighted an average of 0.8 full-time specialist vacancies (total of 61 vacancies in Australasia; 53 in Australia). Perhaps to compensate for the vacancies the VMO sessions per week have markedly increased (16 to 29) but with a reduction in the number of non-specialist sessions (2.2 to 1.5). Registrar numbers have increased by 40% (5.3 to 7.5); but only 76% of these Registrar positions are training positions, the remainder being non-training postsa distinction which was not made in the 1977 questionnaire. At the same time the average Registrar solo sessional contribution to the Department workload has reduced by almost one session per week (2.2 to 1.5).
There have been large increases in the Recovery Room nursing establishment (4.1 to 9.2) and in Anaesthetic Assistants (5.1 to 10.3). Interestingly the increases in the Anaesthetic Assistants have been much more in numbers of nurses (226% increase) rather than in technicians (175% increase).
In this survey on-call commitments were also addressed showing a 1 in 7 call for Specialists and a 1 in 5 call for Registrars.
DISCUSSION
There is little information on which to base an estimate of the working lifespan of an anaesthetist. Parkhouse 29 derived some information for the working lifespan of a medical graduate from which the U.K. Medical Workforce Standing Advisory Com- mittee 20 devised a diagram of the percentage of practitioners still practising in the years from graduation which I have redrawn as .igure 1. This shows that there is a 20% fall off from medical practice in the first 10 years after graduation, then for the next 20 years there is a period of relative stability with only a very slow decline to approximately 65%, and then a sharp decline over the next 15 years to about 5% of practitioners still practising medicine. .rom the specialists point of view I believe it is valid to assume the baseline at 10 years from graduation equals the starting baseline for specialist numbers. Thus in the first 20 years of specialist practice there is relative stability in the numbers practising (5% fall per decade). These numbers then fall to approximately half by 25 years of specialist practice, and over the next ten years fall effectively to no practising specialists. This gives an effective working time of specialist practice of about 30 years average. The real average from .igure 1 is 27.5 years but for calculation purposes 30 years appears better given the inaccuracies in all the forecasts, and the U.K. origin of these figures with a different practice profile with greater Government control of practice.
Estimates of the number of anaesthetists required relative to the population have used 1:10,000 as the basis for this estimate 28 . Whilst this estimate has been accepted by the Australian and New Zealand College of Anaesthetists and by AMWAC 2 , there is increasing doubt that this accepted APR (Anaesthetists to Population Ratio) is correct. AMWAC 11 recently stated However, this figure was set before the growth in pain management and informed consent and so for some time there has been a feeling it may no longer be relevant and that a new benchmark should be established. The APR for recent years would seem to confirm the need to consider a new benchmark 31 .
.rom the AMWAC study 1 in 9 of all Australians require an anaesthetic each year 32 and each anaesthetist on average anaesthetises 1000 patients each year 33 . .or a given population the number of full time equivalent (.TE) anaesthetists required is: Population Anaesthetists (.TE) = (# Pop. Anaesthetized/yr)xAv. GA/Anaes./yr for Australia with a population of 18 million the number of anaesthetists required is:
and for New Zealand with a population of 3.3 million the number of anaesthetists required is:
If 5% of these anaesthetists work less than or equal to half-time (20 hours per week) 34 then there is a requirement for 2100 Anaesthetists in Australia, and 385 in New Zealand, to realise the required .TE number of Anaesthetists. Thus the APR becomes: APR = 18x10 6 (Australia) and 3.3x10 6 (N.Z.) or approx. 1:8,500 2100 385
Such a new APR fits comfortably with the following quotation from AMWAC 35 . The last ten years has seen some significant changes in what anaesthetists now do during their working week. The growth in day surgery has increased the overall time spent in preoperative assessment, often meaning an earlier start to the working day to see day patients. The increased emphasis on informed consent means increased time can be spent in preoperative consultation. Similarly, there can be an increased workload due to postoperative care. There are a number of other factors which may influence this trend as well, such as increasing part-time work patterns by anaesthetists, increasing commitments to intensive care, medical retrieval and transportation, both acute and chronic pain control, and an increasing administrative load as hospital and private practice both strive for greater economies and efficiencies.
.or a total doctor population ratio of 1:500 2 this means that the number of anaesthetists would equal 5.88% of all doctors, and this is close to the generally accepted proportion of 5% found for anaesthetists in the surveys carried out by State Medical Boards, the Medical Council of New Zealand, and the 4.2% figure determined by AMWAC in their Annual Report for 1994 36 .
. The APR in the U.S.A. is approximately 1:6,000 37 when both Anesthesiologists and Nurse Anesthetists are counted though there is some degree of overlap in 90% of these cases 38 , translating to an APR of 1:10,000. This US figure takes no cognizance of the service workload undertaken by the trainees, both nursing and medical, which when taken into account would substantially alter the ratio towards the 1:8,500 figure suggested in this article.
Once the number of anaesthetists has been derived, and assuming there is an evenly distributed age range for these anaesthetists and that the criteria for a 30 year working lifespan as derived above from .igure 1 apply, then the required number of trainees per annum to maintain supply may be calculated: Obviously the reason for the high numbers currently in Training Positions is that there is no steady state pertaining. The APR is in the process of changing from 1:10,000 to 1:8,500 and there is not a uniform age distribution. In addition there are 61 vacancies notified in Australasia, 53 in Australia, which equates well with the total number of vacancies in all hospitals determined by AMWAC, which was 65.5 in Australia 39 . .or the present the higher number of training positions is realistic to cover the shortfall, but in the future unless the population grows very rapidly, there will need to be a reduction in training positions or an excess of specialists will be produced. On present predictions of an APR of 1:8,500 the shortfall will be caught up in seven to ten years. Table 4 compares the numbers of existing anaesthetists in the different regions of Australasia with those estimated for different APR ratios, and also the number of Training Positions currently in place and by estimate to replace a steady state anaesthetist workforce. It is readily apparent that the projected needs for numbers of trainees is much less than the present number of training positions, and thus with time there will be an oversupply of specialists.
The age range of anaesthetists is obviously of importance when considering the workforce. .or a steady state situation and an average retirement age of 65 years, then the average proportion of the active workforce should ideally (no attrition) be distributed in the following manner: 30-39 years ~2 /7 (28.6%); 40-49 years ~2/7; 50-59 years ~2 /7 ; 60-64 years ~1 /7 (14.3%).
But to allow for attrition (death, early retirement, and vocational change) the percentages as derived from .igure 1 are more likely to be: 30-39 years ~32.5%; 40-49 years ~30.0%; 50-59 years 25.0%; 60-69 years ~10.0%; and >70 years (and <30 years) ~2.5%. Table 5 lists the current College .ellows age distribution together with the calculated steady state numbers (as derived above) for the possible APR ratios.
The average ratio in the Anaesthetic Departments for .TE Specialists to Registrars in the survey is 1.37, which suggests that this could be a useful benchmark for Departments if and when Training Positions are considered at inspections, particularly if there is a need in the future to reduce the numbers of such Training Positions to prevent workforce oversupply with its attendant loss of technical competence for at least a proportion of specialists. A figure of perhaps 1.3 .TE Senior Staff per Registrar (Training and Non-Training) would seem to be a reasonable ratio as a minimum to allow adequate supervision, and to provide a varied teaching pool of specialists to prevent idiosyncratic learning developing with a very narrow experience of techniques and attitudes. Other issues would also need to be taken into account at inspections such as breadth of activity and minimum number of Trainees (more than one or two!) in a Training Department so as to allow the learning experience to be a positive educational factor in itself.
The marked increases in Anaesthetic Assistants and in Recovery Room nursing establishment are pleasing to note, as these two areas are ones that the College has focused on in its inspections of training Departments in an endeavour to improve patient safety, the College can be justly proud of its success in improving the staffing numbers. The average figures for Anaesthetic Assistants per OT (1.3) and per location (0.9) are of interest as the establishment of Assistants for the Anaesthetist has been an issue which the College of Anaesthetists has had to support forcefully over the years in the face of trenchant opposition from hospital administrators. 1:3 Assistants per OT would seem reasonable when shift rostering, after-hours and weekend duties, holidays and sickness are taken into account; as well as the anaesthetics, resuscitation, etc. which are required to take place out of the Theatre Suite in places such as Radiology, Emergency etc, and which require skilled assistance to assist the anaesthetist to provide a truly specialist service for patients. Again this figure of 1.3 Anaesthetic Assistants per OT could usefully be adopted by the College as a benchmark for adequate assistance for Anaesthetists in approved Training Departments.
POTENTIAL VARIANCE IN PREDICTIONS
The factors which might alter the predictions in this study are:-(1) Change in the general population. Both Australia and New Zealand are predicted to grow steadily over the next 25 years by approximately 20% 40 , so there should be also a paced increase in the number of anaesthetists required to keep up with this increasing population.
(2) Ageing of the population. Both Australia and New Zealand are predicted to increase the percentage of their populations over 65 to over 15% by 2020 40, 41 (currently at approximately 11%). With EDUCATION AND TRAINING increase in an ageing population there will be an increase 40 in the annual rate of anaesthesia in the population from one in nine towards one in eight, which will tend to increase the requirement for anaesthetists, because older people need more medical interventions 32 .
(3) Change in the average number of anaesthetics per anaesthetist per year. This figure is dependent on a number of factorshow hard the anaesthetists work, how many work part-time, and on how long operations take. There will be a decrease, probably but not guaranteed, in the weekly hours worked by anaesthetists as lifestyle issues continue to become more important in everyones life. If this is so then more anaesthetists will be required. There will be two trends operating on the duration of operations. .or the increased ageing population there will be longer big operations to sustain life. Balancing this trend will be an inevitable increase in day only procedures which by and large will be shorter. There will also be an increasing trend towards minimally invasive surgery 42 which at least in the introductory phases of such surgery will lead to longer operations as surgeons learn the surgical techniques. These trends will be difficult to judge, but my feeling is that there will be a need to increase the number of anaesthetists.
(4) Alteration in anaesthetists working lifespan. There is a possibility that effective working lifespan may increase, with removal of compulsory retirement (at least in Australia) or that the assumptions made in this article on the U.K. data are not sustained in Australasia. If the working lifespan is greater than the assumed 30 years then there will be a reduction in the required number of Anaesthetists at steady state. Currently not enough data is gathered on age versus working hours for anaesthetists, and this should be a priority to enable a better prediction of anaesthetists working lifespan in both Australia and New Zealand.
(5) Change in the age distribution of anaesthetists. Depending on the better definition of anaesthetists working lifespan and weekly hours worked, there may need to be changes made in the assumed age distribution at steady state. The College data on age distribution of .ellows 43 at present appear to be reasonably similar to the workforce numbers derived from these assumptions suggesting they are reasonably valid ( Table 5 ). The largest discrepancy is in the 30-39 decade which will cause some shortages in 20 to 30 years time, and is presumably due to market forces from the 40-49 decade which has an increased percentage probably due to the perceived shortage of anaesthetists in the early 1980s.
(6) Increased economic use of operating theatres. If in the future there is an increased use of operating theatres by means of increased use out-of-hours at nights and at weekends for routine surgery (as may occur with day stay surgery in particular), and this increased use is accompanied by a shift-work approach by anaesthetists, then there would again be a likely increase in the number of anaesthetists required, unless more anaesthetists indulged in moonlighting or second jobs as may occur if there were to be an increase in full-time salaried specialists. (7) Change in the number of training positions. The number of such positions depends upon assumptions of the number of anaesthetists required in a steady state situation. As the steady state situation has not yet been reached there is a need to supply a greater number of new anaesthetists to allow the numbers to approach the steady state, which will be reached on current predictions and training numbers in approximately seven years. Thus the number of Training Positions should start to be reduced gradually from five years time arriving at the predicted steady state number of training positions by ten years time. Such a change will enable the total number of anaesthetists to approach slowly the steady statearriving at that state about the same time in ten years as the training posts reach their new equilibrium. Obviously there should be another review in about five years time to assess the factors above, and how these predictions match the actual changes.
CONCLUSIONS
This study suggests that the APR for Anaesthetists should be reset to 1: 8,500 of the general population to acknowledge the increasing role of the Anaesthetist in pre-and postoperative patient care with an average caseload of 1000 anaesthetics per Anaesthetist per year, an increasing surgical load of 1 in every 9 people having an anaesthetic each year, an increasing number of Anaesthetists (5%) who are working half-time or less, and an active working specialist medical lifespan of 30 years which is less than previously thought. Even with this more generous estimate of the APR it is evident that the number of training positions exceed the steady state situation and that when the current deficit of specialists is corrected in approximately ten years, there will need to be a reduction in the number of training positions. When that time comes, the College should develop some workforce guidelines for staffing of Departments, as well as the other educational requirements, so that at least minimal standards are set for optimal training. Some of these standards should address the .TE Specialist:
Registrar ratio which I suggest should be at least 1.3 .TE Specialists per Registrar, and the number of Anaesthetic Assistants which should be 1.3 per OT in order to provide expert assistance to anaesthetists including the Trainees in areas outside, as well as in the operating theatres.
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